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PREFACE TO FIRST EDITION. 



The following observations upon the influence 
of anthracite fuel upon health were read before 
the " Boston Society for Medical Improvement," 
at their meeting on the 10th instant. 

The paper is pubhshed in this form in the hope 
that it may contribute to a general knowledge of 
one of the many ways in which disease may be 
prevented and health may be preserved. 

102 Charles Street, Boston, 
February 20, 1868. 



PREFACE TO SECOND EDITION. 



In preparing a new edition of this little treatise, 
which includes additional information collected and 
arranged during the past summer, the oiiportunity 
presents itself tor ^ving a brief history of the in- 
vestigation. 

The original paper, prepared for k medical society, , 
had two objects: 

1st, an attempt to explain the definite cause of 
the singular effects upon health which have been 
found to proceed from the ordinary domestic nse of 
hard coal. 

2d, an attempt to show that the difference between 
an atmosphere agreeable to Ituigs and head, and one, ■ 
which is disagreeable to the whole. man, does not he 
in the amount of moisture which they respectively 
contjun. 

The evidence bearing upon those two pointa was. 
made np in part from onginal observation, and it now 
appears substantially in the first forty-four pages of. 
the present volume. To this was appended a few 
words relative to the different modes of heating in ' 
common use, and the management of hot-air furnaces. I 

The paper in this form was first read to Dr. John I 
Bacon, Professor of Chemistry in Harvard University, 
who kindly consented to note any chemical inaccura- 
cies which might have been committed. Dr. Bacon 
aogxested that perhaps additional proof might be 
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ind ii) tlie record of certain expcrimcnta i _ 

^nwl^lilitv of intn at Iiigli temijemtorea by g 
auwlo in 18fia ttii(M8(i4 l,y Dcvillc ami Trooaljd 
referrod to in the lust editiuii of Brande's diemul' 

l-'roin tiiia suj^ition the autlioritiL-s were loo 
up ; tliL' paa§age through certain nictals of carba 
oxido, among otk«r eesos, was found to be (' 
dumonstratea; and tne applica^on of this i' 
iact was mado, seemingly for the first time, t 
jpassagu of the products of combustion throrugb 
'irallN of cast iron stoves; and thus appcndea tod 
original essay. 

AfWr the pubhcatjon of tlie first edition, 
'Deared that this obvious application had been i 
m the same month in Parts. 

Dr. Carrt't of Charabery reported in 1865 1 
the substitution of cast iron for porcelain ston 
had produced, within bis own knowledge, BeriQ| 
effects upon public health- No attention eeema j 
have been given to thia communication until t 
plication of the observation of Garret to the rem 
able discovery of the porosity of cast iron by I' 
and Troost, was made by General Morin, J( 
13, 1868, as appears from the published proceedings ■ 
of tlie French Academy. 

This statement is now made as adding proof of the 
correctness of some of the opinions expressed in the 
following pages, since the observations at Boston in 
1868, were made without any knowledge of those at 
Chambery In 1865 ; in so far as cast iron stoves are 
cODcemed, both lead to similar conclusions ; and both 
icome more intelligible in the light of the experi- 
ments of the French chemists, and of Professor 
Graham. The communications of General MorIn 
and M. M. Deville and Troost, arc now reprinted 
in the AjJi>endix. General Morin is the present 
Director of the " Conservatoire des Arts et MetiersJ' 
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oil over the world 



anthracite coal 
LS incombuatible 



reftiai 



Its » 



in America dates from the period when supplies of 
English coal for the manufacturers of the Middle 
States were cut off by the war of 1812. Attention 
was then drawn to the anthracite doposits in Penn- 
sylvania, and many vain attempts were made to 
use them. 

These efforts were finally successful; and within 
ten years, or about 1820, the use of hard coal for 
manufacturing purposes became general. It was 
not, however, until about 1830 that it began to be 
employed for warming houses, and still later for 
cooking. Recently it has become the fiiel gener- 
ally used for both these purposes. 

There has always, however, been a minority of 
persona who have disliked it in their houses, who 
have resisted its introduction in the rooms in which 
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^H they lived ; and not a few who, after trial, liave 
^^K ^Bearded it and substituted bituminous coal 
^H wood. 

^^M Its great economy of labor and its beating powa 

^^B have been sufficient recommendation, however, to 

^H allow of its almost universal use in hot-air furnaces; 

^V and at the present time it is safe to say thai 

ninety-nine dwelling-bouses out of a hundred m 

Boston are, in whole or in part, warmed by thii 

fuel burned in iron stovos, or in the iron fire-pot 

I of a furnace which is hut a stove in anotlier form. 
One object of this inquiry is to learn, if we con, 
vhether this is conducive to health ; and if inju- 
rious, why it is BO. 
It is a matter of common observation that dif- 
ferent kinds of fuel give apparently different kinds 
of heat. Hard coal on the one hand, and soft 
«;oaI and wood on tlio other, produce diftereot, 
impressions. Anthracite burning in an open, 
grate affects, if not everybody, certainly a great 
majority of persons very differently from an open 
fire of wood. 

The heat is radiant in both coses, warming the. 
. floor and the fui-nituro and the bodies, both ani- 
.te and inanimate, on which its rays fall; the 
temperature may be the same; the ventilation 
I also is, or may he, perfectly good in both cases ; 
I yet the impressions, not the moral impressions 
[ affected by a beautiful fire or pleasant associations, 
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but tliB impressions upon tlio nervous system, araJ 
quite different. ] 

With a certain proportion of persons who may I 
be supposed to be more sensitive, anthracite burned I 
in this way under the most apparently favorable j 
tircomstances causes difficult respiration, head- I 
ache (often described as !f an iron hoop were bound 
round the head), dizziness, confusion of ideas, hin- 
guor, heaviness, — a group of ayfliptoms leading to 
the suspicion of the presence of a narcotic poison. 
These unpleasant sensations are generally removed 
ahnost immediately on breathing the open air. 
^■-Many other persons, without analyzing the effects 
^^tltroduces, do not like a hard-coal Jire, and in 
PQte of its convenience and economy will not nse 
Fft in the rooms which they occupy through the day, 
f and bum soft coal or wood in their parlors and 
1 bonness-offices at twice the cost of anthracite. 
I The same difference may be observed in stoves 
I burning wood or anthracite, although it is less 
apparent, because usually in both cases ventila- 
tion is bad, and impressions produced by foul aif 
obscure those which proceed from fiiel. 

In the case of fiimacea we have a fiiir subject 

of comparison between those wliicli pass the air 

over and around a heated fire-pot containing an- 

thratnte, and those in which the air is conducted 

I, ifiinnigli coils of pipe containing either steam or < 
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liot water, and enclosed in a confined 
celUr or basement. 

In each of these cases the air ia forced into tin 
rooms above, and ventilalion may be porfwd/ 
good; tho temperature may be the same; yet tf» 
impressions made by tlmsc two kinds of heated air, I 
one proceeding from a fire-pot filled with antbrooU, ? 
the other from pipes filled with sl«ani condeiuiif I 
into water, or with hot water, are to many persosi I 
quite different and can bu distinguished. 

If fiirtlior proof ia needed of tho reality of tlua 
difference it may be found in the action of theu 
two kinds of heating-apparatus upon plants. 

It is notoriously dtfHcuU to make the matt 
delicate varieties fiourish in houses warmed ^ 
anthracite stoves or furnaces. A gentleman con- 
versant with plants informs the writer that expe- 
rience lias proved that hot-air anthracite furnaces, 
like those in dwelling-houses, cannot bo used in 
greenhouses. 

Where anthracite ia tho fiiel employed, as it 
generally is, the fire is in a separate building and 
heat is communicated to the greenhouse either l^ 
hot-water pipes carried round its walls and under 
its floor, or by brick flues carrying the heated air 
with the products of combustion by a long and 
circuitous passage round the building ; heat being 
thus radiated either from the water-pipes or the 
brick- work. 
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In Beekitig an explanation of tbese phenomena, 
it is proper to mention certain conjectures which 
have been made as to the physiolo^cal effects of 
heat proceeding from different sources. The anal- 
ogy with hght is the basis upon which they rest. 
Thus it has been suggested that rays of heat from 
different bodies may have properties corresponding 
. with their refrang^bility and rates of vibration. As 
impressions of color are found to depend on rates 
of undulation in rays of light, so the various im- 
pressions of heat upon the human body may depend 
Upon the rates of undulation in rays of heat. 

One reason for the obscurity which still envel- 
opes this subject of the effect of heat upon the 
human body, proceeds, we believe, from a too ex- 
clusive study of the properties of heat as affecting 
inanimate objects. As we shall have occasion to 
remark when speaking of the effect of the vapor 
of the atmosphere, tbey must botli be observed in 
their influence upon living beings. Because a ther- 
mometer, or a hygrometer, gives certain indications, 
it by no means follows that so complex a machine 
03 the human body is similarly affected. 

A thermometer placed opposite a blazing open 

fire, or a certain distance from a heated surface, 

' whether of iron, soapstone, or porcelain, or in a cur- 

I Tent of heated air proceeding from a distant source, 

may in either case mark the same degree, yet 

everybody wlio observes at all must feel that they 
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I are distinct kinda of heat. Tbo quantity of lieat is 
tlie same in all, but tlio quutity, which is a mj 
essentia), aud perbap tho most ossuntial thing, is 
entirely difTercnt one. It would seem that > 
certaui dL'greo of luminousnesa in t]ie source of 
beat is essential to its best olfects. 

The belief is very gi-nerally entertained among 
tlioac who feci and compliun of the unpleasant 
effects of antlirat'ito fires, that they are due to 
drj'iieas of the air. It is also not uncommonly 
believed that passing air over red-liot iron reworet 
its oxygen as well as its moisture ; deprives it, in 
e way, of qualities essential to the §uii]K>rt of 
respiration, and burns the dust whieli it contjunt; 
tliat all tiiam things are injurious to huoItU ; and 
that the reinedies are ibund in niodcmtely heated 
iron and abundant evaporation. Wo jirojiose, U 
briefly as possible, to consider tliese sevend state- 
ments. 

Iron excessively lieated may finally be bumod, 
and by that process deprive the air in contact witk 
it of a portion of its oxygen. In no other way 
can its oxygen be removed, and how slow thit 
process is may be known by the number of yean 
required to bum the fire-jjot of a furnace, the chief 
destruction of course going on within and not 
without. 

It is within bounds to say that one pair of lungs 
will consume more oxygen in a given time than 
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tlie heated iron of a hundred fiimaces. In so far 
as oxygen and nitrogen are concerned, a furnace, 
liOTvcver heated, has no power to change these 
gases in the slightest degree, except by burning 
and eonsnining the iron in their passage over it. 

Excessively heated iron bums the dnst with 
-which, in crowded towns, the air is always filled. 
A stream of sunh'ght falling in a darkened room 
will show how abundant this is. It consists of the 
detritus of every imaginable thing used in our 
social economy ; clothing, food, organic emanations 
from our bodies and those of the lower animals, 
shoe-leather, mineral particles raised from the earth, 
besides the germs of infusorial life concerned in all 
the processes of piitrefiiction and decay. 

It seems at least probable tliat the destruction 
of most of these substances would relieve us from 
danger, as they are supposed to be agents in tlie 
propagation of disease. The part which inihsorirf 
life may play in the human economy is obscure; 
any useful office which it fulfils in the fiving body 
ia as yet unproved. So far as known its duties 
are exclusively with dead organic matter. 

Rt has been suggested that the particles of which 
t is composed are not burned in their passage 
r heated iron, but that organic material may hg 
io changed by heat as to give it new properties, 
utile nature of which is unknown, but which may 
> an injurious influence. It is quite possible 
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this may be so, but it is unproved. We 
tlmt dust so charred has an offensive odor. 

Has iron excessively heated ojiy power of 
ittmcting moisture from air passing over it, or 
Influence upon the vapor of the air differing : 
tiiat which it receives from iron heated to a 
•rate degree '/ 

The drying of air by heating it ia reUttre 
not absolute. Tlio capacity of air to hold 
in the form of invisible vapor, is enormooalyj 
creased as its temperature is raised. Thus ai: 
10° above zero, Falirenheit, will retain 1.11 grains, 
at SO", 2.21 grains, at 50", 4.28 grains, and at 70°, 
8 grains to the cubic foot. These are the points 
of saturation, and any addition of vapor at tliese 
temperatures must fall as visible water. Instead of 
abstracting moisture, heated substances of any sort 
iowover heated, and to whatever degree, simply 
increase the avidity of air subjected to their influ- 
ence for the absorption and retention of additional 
amounts.* Theoretically it makes no difference, in 
flo far as tlio moisture is concerned, whether the 
air of a room at 65° or 70° has attained this tera- 
peraturo by passing over a long range of pijjes 

• " The drying of nirby molnllio itovei is only nppnrent. The air 
Spears to be more <lry hecauae it Is botter, nnd cnn, tliemfure, dlisolvs 
mora TBpor. Tlie iiigliar tbc temperature tlie funbor it ii removed ftom 
saturation. If etoves of porcelain or bricli do not nppeitr to pniduae thii 
drying eOsct It is bccaa^e thay du not heat tho air to ttiQ same degree." 
■PeeiBi" Traitt de la ChaieuT," p. lOO, Vol 8. 1881. 
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containing water at a temperatnre of 160°, steam 
at a temperature where it is condensed into water 
(212°), or n;d-liot iron plates at a temperature uf 
1,000° to 1,500°. Practicallj, we are prejiared to 
sliow that this ia confiiined by observation. 

Seven dry and wet^bulb hygrometers made by Mr. 
Siefert and caroftiUy compared before being issued, 
were placed on the 27th January, 1868, in as many 
different buildings warmed in all the principal 
modes now in use, viz., hot- water pipes, steam 
pipes, fumiices for burning anthracite, one ftimaco 
for burning wood, and one large room warmed by 
tax open grate burning anthracite. 

The object of the inquiry being to ascertain 
whether the kind of heating apparatns had any in- 
fluence upon the moisture of the air, and particularly 
whether iron heated to 1,000° made the air pass- 
ing over it dryer tlian iron heated to 1G0°, no evap- 
orating apparatus was used ui any of the seven 
buildings except the fifth. 

These observations were made in tlie coldest sea- 
eon of the year, and when all tJie means of wanning 
houses wliie.h our climate can demand were required. 
During the first thirteen days the mereury never 

se above 32° and was once observed below zero. 

The markings of the diy and wet bulbs were 
noted at 9 a. m. and 2 p. m., and from them the rel- 
ative humidity was ascertained by reference to 
Olaisber's Psych roniotrieal Tables [iiiblislied in tlie 
collections i^ the Smithsonian Institution. 
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The f(^owing is a more particular descrlpti(m of 
the various buildings in which the hygrometers 
were placed: — 

No. 1. A moderate-sized prirate dwelliDg-hoase, 
warmed entirely by a hot-air furnace burning an- 
thracite, fire-pot not lined ; coal in contact with 
iron. No evaporating apparatus. 

No. 2. A larger private dwelling-hotBwe, warmed 
by a hot-air furnace burning anthracite. No evapo- 
rating apparatus. 

No. 3. The library of the State House, warmed 
by hot-water pipes in the cellar until February 5th ; 
on and after that date by steam pipes in the cellar 
and a few coik in the room. No evsqporating appa- 
ratus. 

No. 4. Library of the Boston Athenaeum, warmed 
T^y hot-water pipes in the cellar. No evaporating 
apparatus. 

No. 5. A large room (about twenty-two feet 
square) on first story of a dwelling-house, warmed 
by a grate burning anthracite. The entry of this 
house moderately warmed by an anthracite ftimace 
pver which from six to eight quarts of water are 
evaporated daily. No register from furnace enters 
the room where observations were made. 

No. 6. A dwelling-house, warmed by steam 
pipes enclosed in basement. No evaporating appa* 
ratus. 

No. 7. A dwelling-house, warmed by a furnace 
fyirning only wood. No ev8LpoxaAm^ \XYV^^^V\3&. 
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The figures in the column headed " relative hu- 
■nidity" show the proportion of moisture held in the 
BIT relative to the amount which could be retained 
at the temperature indicated by the drj--bnlb ther- 
vjometcr, iaiuration he^g 100 in all cases. 

It will be seen by the preceding table that the 
greatest relative humidity, or the molstcst air, was 
found in the house warmed by air whicli liad passed 
over iron heated to a very high degree, — certainly 
often during this period to 1,000° Fahrenheit. 

The least relative humidity, the driest air, was 
found in the library of the Athen^um, in which it 
had passed over pipes heated to a i)oInt always less 
than the boiiing-poiut of water, and usually about 
170° Fahrenheit. 

The library of the State House (hot-water and 
steam pipes) was almost equally dry. 

Both the l^raries were drier than either of the 
dweUing-houses, and probaUy for two reasons. 
The temperature was liiglier, and the relative hu- 
midity diminishes rapidly above a temperature of 
65°. Also the absence of cooking operations and 
of collections of water, such as are found in all 
dwelling-houses, contributed, no doubt, to tlie result. 

No. 5, the room warmed by an open grate burn- 
ing anthracite is above the average as regards 
moititure, but it may liave been, and probably was 
affected by the evaporation of water in the furnace. 

Of the four remaining dwelling-houses, the differ- 
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^^B enccs of hmnidity ore onl^ soch as might be ex- 
^^H pected from tlieir comparative sizi;, and iVotn Hu 
^^M different number of persons occupying thi-m. No, 
^^M 1 probably received more vapor from res|iirati(»i 
^^K and from culinary operations than eitlior of th« 
^^H others. 

^^V Nofl. 2, 6 and 7, one warmed by a common an- 
' tfaracite lurnace, another by steam jriiies, and the 

third by a wood fitmacc which waa ottcn heated in 
^^^ parts to the point of incipient redness, show almost 
^^^ precisely the same rosolts. 

^^H We tliink the conclusion may fairly be drawn 
from this record that ircm heated to any point pot- 
wiUe in mtr furnaces has no power to abstract tnoiitim 
from the air. Theory and practice in this respeei 
are in perfect accord. Each confirms the other. 
In so far as artificial evaporation is concerned it 
~ is equally needed with steam pipes* and IiOt-watcr- , 
pipes as with fire-pots heated red-hot. If tlie air 
of a room warmed to 65° or 68° by hot-water pipes 
is pleasant, and the air of a room warmed to 65" or 
68° by an anthracite fire is unpleasant, in both cases 
no artificial evaporation being employed, the differ- 
«nee is not in the simple dryness of the air, and 
must he in something else. 

Moreover, if tlio anthracite-heated rtjom is reaUy 
made more tolerable at these temperatures by the 

[S Bpociullp amingod fur dryiag aoCttHi cloth, vood, or ottiar 
11BIU1II7 beaCcd by eteam pipes. 
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Etddition of vapor, as many mteiligent persons maia- 
tajji, it appears to the writer that it must be through 
Qorao action of vapor as yet unexplained. Certainly 
the need of additional vapor is not felt at these 
itempe rat urea with radiating o])en fires of wood or 
Ktuminous coal, or with heat derived from hot- 
water pipes or steam pipes. 

The degree of relative humidity wliich air should 
possess for healthy respiration lias been the subject 
of much inquiry, and particularly iii our anthracite- 
burning comnmnjty, where it is no uncommon thing 
to find the temperature of a room 75" or 80° at a 
height of five teet A-om the floor, and ten degrees 
higher at the ceiling. We believe that a right un- 
derstanding of this most important subjijct has not 
yet been reached, and tliat some of the difficulties 
ia the solution of the question are to he found in 
the mifitness of air for respiration from other causes 
than its condition of humidity. Some of these 
causes we shall presently refer to. The quality of 
air in the library of the Boston Athcnaium is worthy 
of the notice and observation of those who are in- 
terested in the subject. This air, coming through 
coils of iron pijMJS containing water much below the 
boiling-point, it will be seen by the preceding table 
is exceedingly dry and yet perfectly agreeable, and 
its wholesome character when, as is usually the | 
case, it is frequently changed by ventilation, can ' 
lianllv bo donbti'd. 
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^^H One reason vhy the need of npecial evspoi 
^^Hlqiparatns m oar houses is so moch insisted 
^^B« [xin-lj theoretical one. The argument is 
^^Bti^ing like this: Air taken from ontof'dooni at 
^^B average winter teraperatnro of 28" 
^^B liuiniiiity of 60 (saturation heing 100), contain!; 1.S6 
^^P grains of viijior to tlie t^bic font, liaise the tent- 
pomtnro hy & furnace so that the thermoi 
slial! bo at 68" within the house, ami nnless 
^^ is artifieiolly added tlio relative humidity will 
^K IT, which is drier than tho air of a desert. 
^H this is strictly true, yet pmoticaHy in our hons 
^V is not so. Water it added in nil such 
^H hut Uio sources of its supply arc; not obvious. 

^K They nre fount! in roxpirRtion, in alt the numerous 
^^K collections of wat«r abont the interior of houses, in 
^^H culinary operations, in the stores of water contained 
^^P m all hygroscopic substances (and almost everything 
^H is hygroscopic), and very possibly by the absorp- 
^H tion of additional amounts of vapor from the outer 
^V air through all the channels concerned in natural 
^H ventilation, by windows and doors, and cracks and 
^^ft crannies of every kind. There is, however, in spite 
^^B of all these means of adding to the relative humidity 
^^H of heated air, a certain obscurity as to the sources 
^^H of supply. Thus it is stated by Haller* that ex- 
^^H periments carried on over six years with tho Meiss- 
^^^B ■ Die Liillung and ErwUnnung dar Kiudentube utid dee Krankai' 
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ner stovo common in Germany, showed that tha \ 
relative Lumidity was not lessened at all by mod- j 
erate warming. 

The preceding table gives abundant proof that I 
the relative humidity of air artificially raised fifty j 
or sixty degrees, is not changed in anything like \ 
the proportion which would exist theoretically, and i 
■which would certainly exist practically if all sources ' 
of additional moisture could be excluded. 

Another cause of error in reasonings upon tliia 
subject seems to be found in overlooking the power 
of adaptation which man possesses to changed condi- 
tions of humidity, as well as to so many other of 
the circumstances by wliich he is surrounded. 

The human botly cannot be regarded as an in- 
animate hygroscopic substance liable to warp and 
crack like a piece of furniture. A close analogy 
may be discovered between the capacity not only to 
bear, but to enjoy the highest health under extreme 
alternations of both temperature and humidity. 
Animal heat is maintained at about 98° whether 
the temperature of the air is 20° below zero or 100° 
above. It by no means follows because the air is dry 
that the evaporation from the human body is in pro- 
portion to its aridity, although this no doubt has \ 
an effect. But supposing this excessive evaporar i 
tion were proved, it still remains to be shown tliat j 
the effects upon health are injurious. A man is j 
in himself a reservoir of water, tliree-quarters of j 
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hU whole bulk being composed of tliat element; i 
and he 13 also a gru-at evaporalor, giiing off by the 
skin and lungs, according to the bust anlhorities, 
L from 25 to 40 ounces or about a quart of water per 
day. Tliia exhalation is doubtlegs controlled, lim- 
' ited, and regulated by the nervous sjatem. Cer- 
tiiuly knoiving these facts wo may at least doubt 
tlio expediency of adding the evaporation of water 
to tlie heating apparatus in any crowded assembly. 
A theatre or locture-room containing 2,400 people 
Is already provided with an evaporating apparatus 
tlirowing into the air 25 gallons of water per hour, 
and under such circumstances the air soon becomes 
saturated unless frequently renewed. That satu^■ 
atcd warm air is exceedingly oppressive is a fact 
whicli everybody recognizes in the dog-days of Au- 
gust. Those who have been long exposed to the 
summer air of the low-lying wet regions of our 
Southern coast will not need to be reminded of it, 
On the otlier hand, the dry air of tlie interior of the 
South American continent is reported by Boussin- 
gault and otliers to be exceedingly healthful and 
agreeable. 

Who can say that the dry air of Minnesota is 
I less salubrious than the moist air of Nantucket oc 
I Newport? There is no reason to suppose that 
' either is wanting in conditions of humidity favor- 
able to health and long life. The meteorological 
tables of the Smithsonian Institution enable as to ,j 
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compare these two regions for 1859. New Bedford, 
Mass., at 90 feet elevation above the sea, has 
mean relative humidity of 80, while Fairfield, 
Iowa, 940 feet elevation above the sea, has 
relative humidity of 61, saturation being 100. In 
the three winter months, the minimum humidity 
was often observed at Fairfield as low as 10, and 
sometimes even 5. The same is no doubt true of 
St. Paul, Minnesota, so much resorted to by invalids ; 
but of the hygromctry of Minnesota we can learn 
nothing positive from any reports published by the 
Smithsonian Institution, although it is understood 
that they have a mass of observations made since 
1859, hut not yet reduced to a form for publication. 

Evidence of the healthfulness of dry air is also 
afforded by the experience of arctic voyagers. In 
those excessively cold regions the air of tlie cab- 
ins of vessels, lieated to 60° or 70°, must be 
as dry as anything which can be found in the 
world. It is stated by Mr. Stoinmetz, an English 
writer on meteorology, that the wainscoting of the 
cabin of a ship in the arctic regions sometimes shrinks 
half an inch in a panel of fifteen inches width. Yet 
it is well known that the health of crews in the 
frozen seas is singularly preserved. 

In view of this tolerance of air almost devoid of 
vapor and the ready adaptition of the linman system 
to such extremes, it may bo suspected that it would 
be more reasonable to regard the absolute as well 
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I the relative humtditj of air. Although as bef 
tated mr raised from 28° to 68° becomes relatit 
, it rcmiiins absolutely/ nearly as hmnid as before; 
u only difference being in its expansion of volume, 
which between the points referred to would be only 
about nine -hundredths of one per cent. 

It tniiy be imagined that the humnn body becomes 

Ijn the winter months attuned (If the expres^on 

rmay bo allowed) to a diminished amount of aerial 

PTapor, and that a single grain to the cubic foot, 

which is oven more than we get in the outer lur 

with the temperature at zerO) is in accordance with 

I some general plan of nature whose workings in this 

respect, as in so many others, arc imperfectly 

f'tuiderstood. 

The tolerance by man of air possessing the ex- 
L trcmes of humidity is shown on the one hand by 
I the good health of sailors in tropical seas, breathing 
liur very nearly or quite saturated with moisture, 
bIO.8 gruns to the cubic foot at 80° Falirenheit; 
rand on the other hand by the robust and vigorous 
l}iealth enjoyed by lumbeimen and arctic adven- 
f turers breathing air which, at 10° Fahrenlieit, holds 
but 1,1 grain to the cubic foot. In the latter case 
we may also suppose that the air is raised in tem- 

Iperatare even higher than the tropical air before 
it reaches the air-cells of the lungs, and supplied 
with at least ten or twelve grains of vapor to the 
cubic foot before it is expired. Yet this hydrating 
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process is performed for an indefinite period without 
tiie least inconvenience, if the man is duly snpplied 
■with clothing and food. 

One of the most marked disadvantages on the 
score of health attending a very moist artificial 
atmosphere is from tlie tendency which is observed 
in vapor to combine with organic impurities. This 
fact has been frequently noticed, and is specially 
referred to by Dr. Pai'kes, of the Netley School, 
in his invaluable treatise on Hygiene.* He says: 
"The most important class of diseases produced by 
impurities in the atmosphere are certainly caused 
by the presence of organic matters floating in the 
air ; aiid from the way in which, in many cases, 
the organic matter is absorbed by hygroscopic sub- 
stances, it would appear that it is often combined 
with, or is at any rate condensed with, the water 
of the atmosphere." 

A familiar illustration of this disposition of or- 
ganic impurity to combine with moisture, is found 
in the clothing of a bed which has been occupied, 
and has thus received the water of perspiration and 
the organic matters which the body is constantly 
throwing oflT, and which readily undergo fcrmcntit- 
tion. If clothing which has been slept in is bun- 
dled up while damp, tlie odor of decomposing 
animal matter is i-etjuned for a long period. 

Having thus entered a general protest against a 

• Parkas" Hygiene, p. HI. 
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Id artificial atmosphere, and stated ota 1 

id the reasons on whicli it is founded, that a i 

lity of air liaa many advantages, and is perf 

isistont with hcaltii, it remaina to be said i 

experience shows that a room heate 

'0° and upwards at a height of five feet firom i 

becomes more tolerable by the artificial adfi* J 
ion of moisture unless it is receiving vapoigi 
he presence of a large number of persons, dt I 
inanj gas-bumcra or other modes of lig 
jnch a room, when the register is in the floor a 
heated air ascenda vertically, a thcrmomel 
iWill show the temperature to be very mucb 1 
lear the ceiling. With this degree of beat ' 
can be little doubt that evaporation from the i 
fmd lungs is really Increased, and this in equal i 
ee -whatever may bo the mode of heating. 
Cotdd heat be more equally diffused tbrouglu 
s room warmed by a re^ster as it is by the j 
•heat of an open fire, such temperatures as wo i 
80 often encounter in dwelling-houses woiJd not I 
demanded, and the need of artificial cvaporad 
would not be feltj but in point of fact it is vm 
to find the. carpcrt warmed only to ab( 
while at the height of the head it is 70", 
ceiling many degrees liigher. Artifii 
evaporation also tends to reduce the temperatn 
a certain amount of heat being abstracted by 1 
conversion of water into vapor. 



^0°, wh 
t the 
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^ere arc also many persons so constitntcd tliat 
K>ist air is more agreeable to tlieir feelings than 
^ air, and for the same reasons doubtless, wliat- 
: they may be, which would lead them to prefer 
Ee climate of Nantucket to that of the interior of 
ho continent. 

It should also be stated that in certain inflamma- 
tory and in-itable conditions of the respiratory organs 
a. ■warm moist air is of inestimable benefit. It only 
remains to add that the evaporating apparatus 
usually placed in furnaces is quite inadequate to 
produce any effect appreciable by the wet-bulb 
hygrometer. To change the humidity of the air 
under good ventilation, a large and shallow pan 
exposed to the ftill beat of the furnace and constantly 
supphed by a cock whose movements are regulated 
by a ball floating on the water, or else a renewal 
of the water by pailfuls daily, are indispensable. 

Probably the most useful way in which to add 
vapor to the lur of a dwelling-bouse for those who 
require it, is by some attachments over the registers, 
provided they do not obstruct the ingress of air on- 
which both warming and ventilation aro dependent. , 
By such adjustments moist air may be thrown where ( 
desired, and the inconvenience and discomfort of i 
flnding it condensing and dripping from the cold , 
glass of the sky-light may be in part at least , 
avoided. ' 

^^Ui apartments reasonaUy heated, by which we 
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mean a temperature not exceeding 68^ five feet 
from the floor, and with not more than ten degrees 
difference between floor and ceiling, whether the 
heat is derived from hot air frimaces, open fires of 
wood or coal, steam pipes, or hot water pipes, the 
relative moisture in the winter climate of Boston 
has been found, in the course of many observations, 
to never fidl below 40 per cent, of saturation. With 
this amount of unavoidable vapor, no artificial evap^ 
oration whatever is required on the score of health. 



PART II. 



If, as we boUevc, the peculiar effects upon the 
homan system attending the combustion of anthra- 
cite are not due to any change in the character of 
air or its contents by the contact of highly heated 
iron, or to the abstraction of moisture, we must 
look next at the composition of this fuel and the 
products of its combustion. 

Anthracite coal is nearly pure carbon. Ure's Dic- 
tionary and Professor Bloxam give the analysis of 
American anthracite as follows: — 



Carbon, . . . 92.80 

^ Volatile Matters, . . 6.42 

Ash,* . . . . 1.28 



100.00 



Carbon, 

Hydrogen, 

Nitrogen, 

Oxygen, 

Sulpbur, 

Ash,* . 



90.89 
8.28 
0.83 
2.98 
0.91 
1.61 

100.00 



The composition of anthracite may be said to 
differ from that of all other fuel in common use, 



Chiefly silica, alamina, and peroxide of iron. 
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except charpoal aiid coke, in tlio veiy 
portinn of pure carbon and the very small 
^on of compounds of Iiydrogen. 

The produfts of its combustioa may be 
be carbonic acid and carbonic oxide gases, 
Htnall amount of sulphurotis acid gas and 
vapor. 

AnthracitG bums without smoke or soot ani, 
almost entirely without flame. When combnstian 
is coinpiete the products are carbonic acid gas and 
water, ami the fiimea of sulpliur, which olthot^ 
small in amount are often perceived. 

Combustion is Iiowever seldom complete even in 
the fiimaco of a steam-boiler where the heat is in- 
tense and small supplies of fresh ftiel are constantly 
added ; it is certainly incomplete unless the supply of 
air passing through and over the fire is abundant. 
Every one has observed the difficulty in bringing a 
mass of anthracite in a stove or grate to the point ' 
of free and complete ignition, particularly in cold 
weather.* Owing to the great density of the fuel 
heat is conducted away from the surface, and bqgIi 
exposed portions can hardly be raised to tha 
temperature required for burning. 

We will suppose the fire to be fairly kindled and 

■ Hard coal taken dIrecU; from ont of doors in our colilesl wsatbar 
biimB very dillbreiitly IVom aDul wliiuli Los been kepC in n warm celltf or 
room. In eiclier csES heat is lost in liringingitnp to combiutionpoluL 
In the foimer case tlie lues Is often bo great as to put out the fire. 
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a mass of antlmicite thrown over it. The process 
which follows may be thus described. The actual 
combustion of the lower range of coal in contact 
with the fire gives origin to carbonic acid gas. 
This, rising through the mass of heated coal above, 
is deprived of a portion of its oxygen and issues 
&om the surface as carbonic oxide gas. In this 
form it escapes by the flue for a period depend- 
ing on the activity of the fire and the amount 
of air admitted. Finally, when the temperature of 
the mass is raised, if the supply of air is sufficient 
it breaks into a pale-blue flame signifying its recon- 
version into carbonic acid gas. This may often be 
observed on suddenly opening the door of a stove 
or furnaoG, Witliout a supply of air it continiiea 
to pass off ns carbonic oxide ; with a supply of air 
and a sufficiently elevated temperatm-e it bm-ns 
and becomes carbonic acid.* Sulphurous acid gas 
from tiie combustion of the sulphur is continually 
j^ven off in small amounts. 

The properties of these gases are now to be con- 
flidered. 

The opinions which have for a long time pre- 
vailed concerning the poisonous nature of carbonic 
acid are greatly modified by recent observations. 

'* Barreswill (Junmal IQt Prnktieclie Cbomio, Vol. ucii.) thinks Itiat at 
low tempcrHtnrer, cnrliua is converted into earbouic acid, Bud at high 
temperulures into carUiiiic oiido; nnd oiiilalna iii this way llie mora 
poisoiioas influenua of a dEfcctivc flue thau of a paii of ojieii oouls. 
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Its aingalar harmlessncu and even its reircslung 1 , 
qualities when received by the stomach in effen"e*- v i 
cing drinks ; the impunity with which considerable j 
ainoiuits can be breathed by tlie workmen in soJa- J 
water factories ; its use by Dr. Simpson of Edinburgli \ 
w an aniusthetic agent, diluted witli two parts of I 
air, — these and similar observations have led many ■ 
chomiata to doubt whether it waa by itself, strictly / 
speaking, jK>iaonou3. The statenients made by phys- '^ 
iologista and chemists are still conflicting, but the 
tendency of opinion is evidently to rank it ratbu 
with the obstructors of respiration than with the 
poisons. 

Dr. Taylor says, in reference to this question, "It 
is absolutely necessary to make a ilistinction be* 
tween the contamination of air by tlie addition of i. 
proportion of Iree carbonic acid, and the ciLse where 
this gas is produced by combustion or respiration."* 

M. Bernard states that carbonic acid is not p<u- 
Bonons, and that when an animal dies from breath- 
ing this gas its death is owing to the mere want of 
respirnble air; hence he considers its action to be 
purely negative like that of nitrogen ; in short that 
it operates not by i>oisoning but by inducing suffo- 
cation, t 

M. Gnerard has breathed large amounts of 
bonic acid from the expansion of liquefied 

• Tajlor'e Med. Jurisp,, p. III. 
t Siibttaiice^ Tuxiqao!', p. 137. 
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■without inconvenience. His opinion is that *' car- 
bonic acid is rendered more fatal hy the presence 
of carbonic oxide, and that a quantity of each, which 
if respired alone would be innocuous, may become 
fetal to life if respired in mixture."" 

Regnault f asserts that carbonic acid can be 
breathed with impunity provided there is sufficient 
oxygen to maintain respiration. We shall again 
refer to the action of tliis gas when mingled with 
Others, but meanwhile it may be said that it seems 
most probable that it does really possess active 
noxious properties of its own and that when res- 
pired its effiict is narcotic. There is an important 
distinction certainly to be made between carbonic 
acid and nitrogen, since the former is readUy ab- 
sorbed by the blood. At the same time its most 
injurious influence is doubtless found in the obstacle 
which its presence offi^rs to the free escape of car- 
bonic acid by difiusion from the blood of the venous 
circulation in the lungs. 

Concerning the properties of carbonic oxide gas, 
there is no discrepancy of opinion among physiolo- 
gists or chemists. It is an active poison, inodorous, 
tasteless, and absorbed by water only in a slight 
degree. 

Leblanc says: "One volume of it diffiiscd 
through one hundred volumes of air, totally unfits 

• Annales da lij-gLene, 1S43, T. 2, p. 6fi. 
t Tsylor'a Med. Jurisp., p. 716. 
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it to BUBtain life ; and it appears that tlie lamentable 
accidents wliirli too frequently occur from burning 
I charcoal or coke in braziers or chafitig-diBhes in 
I closo rooms result from the etTect^ of tlio Email 
quantity of carbonic oxidu which h produced and 
wliich escapes combustion, since the amount of car- 
bonic Bt'id thus diffused through the air is not soffi- 
cient in many cases to account for the fatal result."* 
Leblanc analyzed the vajwr from burning char- 
coal which proved fatal to a dog, and found carbonic 
acid 4.C1 parts, carbonic oxido 0.54 parts. 

Watts' Dictionary of Chemical Science sap: 
"Carbonic oxido gas is very poisonous, acting 
chiefly on the nervous «yBtom, causing giddin^s, 
Bomctlmea acute pain in various parts, and aa- 
ph^Tiia." 

A very complete examination of the poisonous 
properties of carbonic oxide has been made by M. 
Bernard, Professor in the "College de France."f He 
says : " Carbonic oxide is one of the most poison- 
ous gases known. For a long time it was sup- 
posed that under these circumstances (death by the 
6jmes of charcoal) the poisonous agent was carbonic 
acid, which in all combustion is produced in consid- 
erable quantity, Recently in examining the subject 
with more care it has been discovered that besides 
carbonic acid, there is formed in these cases 

■ I loiam's Chemiatry, nnd Taylor'* Med. Jurisp. ^^ 

L t L070119 BLirldS elTut^ dci subsUmccs toiiqnoa. ^^| 
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another very deleterioiia gas, — carbonic oxide. 
Carbonic acid was then considered quite innocent 
by most ,of those who admitted that in poisoning by 
the fiimes of charcoal the deadly agent was carbonic 
oxidfe. We have seen that this is incorrect, and that 
death may he caused by either of these gases. In 
the cose of carbonic oxide death results from poi-" 
son ; in the case of carbonic acid, from asphyxia." 

Many experiments were made by M. Bernard bo- 
fore his class showing the effects of carbonic oxide 
on the lower animals. The results are seen in the 
action of this gas upon the blood, by wliich it is 
readily taken up through the lungs and passes into 
"the general circulation. He finds the globules of 
the blood to be paralyzed, in a certain sense, by its 
presence ; that they become unfitted for their oiBce ; 
that the blood remains red ; that the conversion of 
arterial into venous blood is arrested; and that the 
animal dies as if by prussic acid. When tlie amount 
of this gas administered is insufficient to cause 
death the animal recovers on being supplied with 
atmospheric air and exhibits no subsequent ill 
effects. 

M. Bernard also confirms the opinion of M. Gue- 
rard, before referred to, that the mixture of carbonic 
acid and carbonic oxide is more dangerous than 
either respired alone. 

Dr. Letheby, Professor of Chemistry in the Med- 
ic^ College of the London Hospital, says "he has 
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tried the effect of carbonic oxide on birds and young 
Guinea pigs. An atmosphere havijig two per cent, 
of this gaa will render a Guinea pig insensible in 
two minutes, and in all these cases the effects are 
the same ; they fall insensible, and either die at 
once with a slight flutter hardly amounting to eon- 
vidsion, or they gradually sleep away as if in pro- 
found coma. The post-mortem appearances are not 
very striking ; the blood is a little redder than 
usual, the auricles are somewhat gorged with blood, 
and the brain is a little congested."* He also says 
that " Tliis gas in a more diluted condition ta still 
able to exert an injurious action, and it is veiy 
probable that the singular catastrophe which hap- 
pened at Clayton Moor, in 1857, waa caused by IIb 
diffiision into the air of carbonic oxide gas from the 
neigliboring furnaces. There is a row of cottages 
near to these furnaces, where, in the month of June, 
1857, a number of persons were seized with insensi- 
bility which soon passed in some cases into coma 
and death. About tJiirty persons were thus at- 
tacked, and sis died. The effects were attributed 
at the time to the escape of sulphuretted hydrogen 
from the slag on which the cottages were built j but 
it is more than probable they were caused by the 
oxide of carbon from the fnmacea." 

M. Adrien Clienot, a chemist of tlie French Acad- 
emy ,f relates a case of poisoning by this gas in his 
• Chomiciil Mows, April, 1882. t Comptoe Eondufl, T. 88, 186*. 
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person. Being anxious to examine Uie gas ( 
yielded by \m iirocess of smelting zinc ores, and not j 
having a suitable instrument at liand, lie drew a ^ 
moutlifiil of carbonic oxide from his fiimace by t 
pipette. Wbile thus liohling it he was suddenly | 
struck on the Lack by an assistant and the gas waa I 
inhaled. He fell as if struck by lightning; the"^ 
eyes were turned back in their orbits, the skin was 
discolored, the veins were swollen and presented t 
black tint under the skin, and there were violent \ 
pfuns in the chest. After removal to the open air ( 
sensibility gradually returned. Among the eftects > 
described, M. Chenot savs he felt as if his brain 
was violently compressed; for several days there 
was a feeling of depression and knguor, difficult 
digcstjou, and obstinate and -heavy sleep ; and for ■ 
many subsequent weeks a morbidly excited state of J 
the nervous system, J 

Similar effects are described in the same volume I 
of the "Comptes Rendus" as residting from the 1 
escape of carbonic oxide from a balloon which had 
been filled by the gas (water gas) produced by the , 
passage of vapor over charcoal heated to redness. ' 
The aeronaut nearly lost his life. ■ I 

M. Chenot also relates several instances in wliich J 
poisoning resulted from inhaling carbonic oxide 1 
when greatly diluted. I 

■ The deadly gas thus described is produced abun- | 
^^Btly in all ordinary combustion of anthracite, , 
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Klta pale blue flame presents an appearance peculiar, 

I distinctive, anil not to bo confounded willi any 

other. It flickers over our grates, stoves, fiimacea, 

, and appeai'9 in whatever form anthracite is burned. 

It is seen at night burning as it issues from the 

chimneys of factories and atearahoats using this ftiel. 

I Even the free combustion iu such places, where 

supplies of coal are added every few minutes, is 

seen to be insufficient to biun and convert it into 

the comparatively safe carbonic acid until it reaches 

the outer air. 

Does this gas really oscapt 
I HtovGS, and (iirnacea, and m 
I breathe ? 

Although carbonic oxide ii 

another gas with whith it is mixed is not. If one 

escapes it may fairly be presumed the other does 

■ also. Who of us is not perfectly familiar with the 

1 pungent, inilating fumes of snlpluirous acid gas, 

which we are liable to meet with wherever and in 

wEatever fonn hard coal is burned, whether in open 

I grates, stoves, or fiimaces? Perceptible in various 

I degrees, itS existence is often denied by those who 

have been long" accustomed t*i it; fbr'hahit duUa the 

I sense of smell in a remarkable degree ; but coming 

[ from the open air it is often evident enough. Per- 

1 Bons subject tn spasmodic asthma can perceive it 

tlirough its effect upon the air-passages. When th». 

. of a furnace is cliecked bv the siidden 



; from our grates, and 
ingle with the air we 

completely inodorous, 
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of the flues fi-oin tin,' inlilitioii oi' ti'i-sli coal it h 
especially evident. In an open grate with a good 
draA it is least perceptible ; but even liere, when 
the grate 13 newly filled, it can generally be per- 
ceived by putting the face close to the mantel-slielf. 

The presence in anthracite of this minute propor- 
tion of sulpliur is of real advantage in its domestic. 
use, since, IJke the irritating smoke from wood and 
soft coal, it warns us of danger, and furnishes a 
meastire, however imperfect, of the amount of 
poisonous and inodorous material with which it is 
associated. Without it the combustion of anthra- 
cite for wanning our houses would he far leas safe 
than it actually is,* 

The proof that h escapes into the air-chamber of 
furnaces is not however dependent upon the sense 
of smell. Litmus paper placed over the register 
of an ordinary furnace in which no smell of sul- 
phur may he perceived is in a short time not only 
bleached but reddened, showing unmistakably the 
presence of aulphui-ous acid. 

Another kind of proof that carbonic oxide gas 
mingles with the air of om* houses is found in its 
observed effects; and in this respect it resembles 
the evidence on which certain gi-een papers have 
been convicted of conveying arsenic poison to the 

• The proportion of sulphur in tho ditferent Yarielifla of imthiacite 
it Che colli commoulf ussd in Bo^IOQ oontBins Bnough 



44 \NTnKArn'K avij hbaitu. 

air of moms. Arspiiio found in the ]>apiT, anil a 
certain train of sj-mptoms corresponding witli knov,Ta 
tfftects of ai-senic in the bodies of tliose who breathe 
the air which has bi-on in contact with tliu pajwi- ; an 
inodorous, IiisidioiiB, stupefying, poisonous g»s in thfr 
grate oi- fnrriuie, imd in tlio persons of those L-xpo««i 
to its iiijlucnce pecnjiar sensations, vajftiely aosoei- 
atod by experience with the baming of hard coal, 
but having a remarkable correspondence witli the 
ascertained cH'ects of the inhalation of carbonic oxide. 
Chemists are not required to find the arsenic in the 
air to prove the reality of the poison, neither have 
tiiey yet found the carbonic oxide.* Its discovery 
in either case when existing in amounts only suffi- 
cient to pnxlncc the ettiH'ts olirfci-ved would be a 
matter of great difficulty. 

It may however be objected that the air of the 
■oom is directly exposed t<) arsenic [loison, whila 
the ])oison of carbonic oxide is saiely conducted dp 
the flues and ont of thu house. That it is so con- 
voyed for the must part is certainly tnie, or we 
should none of us be living to consider tlie iinestion ; 
but tliat a |KJrtion is also thrown into our housoa 
may be shown by other roasons tlian those derived 
from its observed effects or from it.s association with 
tlie tumes of aidphur. 

An open grate burning sott coal throws into the 
room particles of soot as all liouse-keepers know. 
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An open fire of wood communicates to the room , 
a peculiar flavor of acetic acid, and often a trace ctf 
pangeot smoke. 

In both cases the amount of these matters is de- | 
termincd by the completeness of the draft, the state 
of the "weather, the way in which the fire is built, 
the opening and shutting of doors, and a variety of 
similar conditions familiar to everybody. There is 
no reason why the poisonous gases from anthracite 
burned in a grate, although invisible, should not 
escape \vith equal freedom and from the some 
causes. There is oven more reason to expect it 
since modem flues for using this coal are frequently 
made only eight inches in diameter. This size of 
flue stands in no proper relation with the air-space 
exposed in front of the fire ; and consequently i 
considerable amount of air being drawn witlun the 
tenge of such a fire and receiving a portion of the 
products of combustion, &ils to find egress and 
flows in part over the mantel-shelf. 

Cast-iron stoves and fiimaces are necessarily 
made in pieces, and these pieces must aepai-ata with I 
the expansion and contraction of the metal. 

No fastenings can resist this power, and some of ] 

tiie makers of furnaces recognize the &ct by making j 

the pieces to simply rest upon each other in groovea J 

• filled with sand or with some other material not J 

firmly fixed to the iron. As these parts are sub- I 
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I jectcd by the application of heat to continual change 
, of form, Borae portinns being also exposed to greater 
heat than others, they are warped, tlie fittings 
become loose, and openings are left through which 
the products of combustion leak into tho air-cham- 
ber. 

How many furnaces, new or old, would prove , 

to be water-tiglit in the fittings of iht'ir ])ar1s, Bup- 

posing them to be put to such a test? Yet 

the way furnaces are often used to save cohI 

I and superfluous heat, the dumpers partly closed, 

, whicli is Uie samo thing, air admitted to the 

•iunnel Ixstween the fire and the flue, a very slow 

I »nd imperfect combustion going on, and tlio gases 

' ivitliin tlie fire-pot nearly stagnant, nothing diort 
of water and air-tifjlit fittings can prevent an escape 
from taking place between the joints. 

Cast iron is also frequently defective in its struc- 
ture, and this b so well recognized a feet that the 
most ri^d tests are required before it can be used 

■ for many of the purposes to which it is applied. 
Cast-iron tubes for the convej-ance of illuminating 
gas are subjected to very heavy pressure before 
they can be safely used by the gas companies. It 
is quite as important that our anthracite -burning 
stoves and furnaces should be examined for the 
discovery of imperfections with equal care ; but that. 
they are bo in all cases may at least be doubted. 

Wherever and however an opening exists, whether 
by imperfect fittings of the parts or by defects in the 
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I casting of the iron, the law of diSusion of gases must 
operate to mingle the contents of the fire-pot, fiimace, 

and smoke-pipe with the external air unless the cur- 
rent passing up the flue is very active. 

But independent of the law of diffusion of gasea 
there Is an obvious mode of escape through any 
cracks or openings existing in any part of a fiimace 
enclosed in a brick air chamber. Within tliia brick 
work two cuiTents or drauglits are in constant opera- 
tion and exerting their influence upon every part of 
the iron pot, radiator, dram, pipe, or other form of 
icon so enclosed. One of these currents passes 
through the fire and escapes by the flue. The 
other current, which passes aromjd the iron, enters 
beneath or around the fiimace and escapes in the 
rooms to he Warmed. 

When the interior current is strongest fresh air 
enters from the air chamber by any crack or 
erevice however small which may exist, and passes 
up the flue ; but whenever the exterior current 
strongest this passage is reversed and the products 
of combustion are drawn into the air chamber and 
escape into the liouse. 

This may and doubtless does occur to 
or less extent whenever in cold weather with 
violent current passing up the registers, the dr^ 
of the chimney is checked either by closing dampei 
or by cooling the flue by the admission of fresh 
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I leroiid tlte fire, or ttjr the additum of a 
[ of fresh coal. 

It may be remarked that old cast-iron 1 
lof whatever form or jiuttt-m are more ■ 
f than new oaos. An old furnace U discarded i 
new one of a diSercnt patt£m snhstituted, a 
eonclosion drawn from its better working 
there is a real improvement in its form, 
advantage is generally in the more perfect i 
of its parts^ an advantage lost for the most pai 
ft single winter's use. 

But it is not even essential to prove that i 
I ituves and fiu'naccs permit the passage of , 
I through their joints and Sittings or throagh d( 
I fa) their casting. A surprising discovery has c 

recently bcun mado in Fi-ance which has a 

L important practical bearing upon the question v 

I eoniidering. MM. St. Claire Devillo and Troos( 

[ tile French Academy of Sciences, have pablishe 

' the " Cuniptes Rendus " an account of their ex[ 

mcnts upon tlio penneation of metals by gases, ( 

which it appears that Bovernl metals, including i 

when lieut4?d to a dull red heat, permit the pas 

of giwes directly through their substance, and \ 

by virtue of a property thus described : " In n 

ala tlie porosity results from the dilatation wH 

heat induces in the intermolecular spaces, It is 

related to the form of the molecules, which we may 

t suppose to be regular, and with their ' aliffnement,' 
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Ttiiich determines the cleavage or the planes of frac- 
ture among crystallized masses." • 

It will be observed that this theory of the phe- 
nomenon harmonizes perfectly with the new philoso- 
phy of heat as esplained by Professor Tyndall, in 
his "Heat a Mode of Motion." Of the fact of the 
penetration of metala by gases, abmidant evidence 
is presented. 

The first of the articles by MM. St. Claire 
Deville and Trooat is entitled, " Upon the parme- 
alniity of iron at liigh tempei-atures."+ It is here 
shown that heated cast iron permits the passage 
of hydrogen gas; the tubes tlirough the walls of 
which it freely passed were of the thickness of from 
three to fonr millimetres, or about one-seventh of 
an English inch. The second commmiication on 
the same subject is entitled, " On the passage of 
gases through solid homogeneous bodies." f The 
following ia an extract : " I am able to demon- 
strate to physicists the great interest which attaches 
to these exjierimenta upon substances as perfect as 
iron and platinum. These bodies resist elevated 
temperatures ; their feeble conductibility facilitates 
very much the construction of apparatus ; they are 
not permeable at ordinary temperatures, but this 
irty derelops as they are heated. As these 

• ComptBB Bendas, T. 57, p. 965, 1863. 
t Comptes Rondiis, T. 57, 1 63. 
J CumptH Rendu!, T. 69, 1364. 
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Bubatances aro tioraogeneoua the phenomena which 
thoy exhibit are free from (listurhing causes such 
I &9 attach to experiments upon materials obviously 
I porous." 

In Bovcn experiments which are minutely de- 
scribed, hyJfogen, nitrogen, and carbonic oxidt 
gases passed readily through the walls of cast-irra 
tubes three millimetres (about one-tenth of an Eng- 
lish inch) in thickness. 

The experiments of the French ehemists are 
confirmed in all essential points In England hy 
Prof. Graham, F. R. S., Master of the Mint. Our 
immediate and practical concern is with the pene- 
tration of b'on liy carbonic oxide and carbonic acid 
gaaes. It appoara that it is by reason of this prop- 
erty that iron is converted into steel. 

The comments of Prof. Graham upon this pene- 
tration of iron by carbonic oxide are as follows : — • 

" Pure iron is then capable of taking up at a low 
red heat and holding when cold, 4,15 volumes of 
carbonic oxide gas. This fact, confirmed in various 
experiments, explains partly, if not entirely, the 
abundance of carbonic oxide observed among the 
natural gases of iron in several experiments of 
MM. Deville and Troost. In the course of its 
preparation wrought iron may he supposed to occlude 
six or eight times its volume of carbonic oxide gaa 
which is carried about ever after. How the qual- 
ities of iron are affected by the presence of such 9 
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Bubstance, no w&j metallic in its characters, locked 
op in so strange a way but capable of reappearing 
nnder the influence of heat at any time with the 
elastic tension of a gas, is a subject which metal- 
lurgists may find worthy of investigation. The 
relations of the metal iron to carbonic oxide gas 
appear to be altogether peculiar. They cannot 
&il to have a bearing upon the important process 
of acieration. ....... 

" The inquiry suggests itself whether acieration 
would not be promoted by alternation of tempera- 
ture frequently repeated. The lowest red heat, or a 
temperature even lower, appears to be most favor- 
able to the absorption of carbonic oxide by iron, 
or for impregnating the metal witli that gas ; while 
a much higher temperature appears to be required 
to enable the motal to decompose carbonic oxide, 
to appropriate the carbon and become steel."* 

It clearly appears from the experiments of MM. 
Deville and Troost, and the remarks of Prof, Gra- 
ham, that iron at a low red heat, or even lower, can 
take up this most deadly poison from our anthracite 
coal and permit its passage directly through the 
substance of the metal. 

Does this not offer a reasonable explanation of 
the injurious influences of our iron stoves, furnaces, 
and smoke-pipes, when excessively heated ? 
i. These influences are real. It cannot be mere 
• London Philosophical Magazino, Vol. ixxii., 1BB6. 
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^^^V heated iron with unpleasant and p<?culiar sensations J 

^^^m j^et the connection has been mysteriona. To nf 

^^V that air is scorched is vague and indefinite. The 

^^B conaponcnt imrts of air are certainly unchanged ; tlie 

^^H oxygen, nitrogen, and watery vapor remain as he- 

^^V fore. The dust in the air is, or may be, charred 

^H or even burned ; but is it at all probable that tbe 

^H charring or the com{Jcte combustion . of minnte 

^^L amounts, haidly perceptible by tlie sense of staet, 

^^m of the substances of which dust is composed, erea 

^^P if it tcok place in the still air of an unvcntilaUd 

room, could give rise to a peculiar form of heat- 

ache, to languor, oppression of respiration, ani 

general disturhanee of nervotis fimetiont ? 

■ We have seen that there is an agent capaUa of 

producing these effects ; that carbonic oxide alway« 
produces tliem when inhaled ; that carbonic oxide is 
formed in all combustion of antliracite ; that it is 
liable to escape in several ways from the grates, 
stoves, and fiimaces in which it i.s burned ; and that 
as these latter are commonly used it can hardly i^ 
to escape in greater or less amounts ; and tliat snl- 
phurons acid, an irritating gas and readily recog- 
niKed, is known to escape. 

We therefore feel justified in expressing our con- 
viction that the inlialation of small amounts of (hia 
active blood-poison, earhonie oxide gas (mingled no 
doubt with carbonic acid gas, and ita poisonous 
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fcy thus increased), is the chief and probably 
»nly cause of the unpleasant sensations and the 
ious influences so conunonly associated with the 
)ustion of anthracite coal. 



^^R The cot 



PART III. 



Il 



The conclusions at which we have arrived an 
certain to be met hy the ohjcction that if we are ' 
habitually breathing a deadly poison as surely 
fetal as pnissic acid, its effects would be more ' 
obvious than they are found to be. The objection 
is ia the nature of negative evidence, but it has ' 
force, and must be explained. Bum charcoal or 
anthracite (both nearly pure carbon) in a room 
without a fluo, and close the doors and windows, 
and death is the inevitable result to the occupant 
in a very short time. There are many instances 
on record where a partial escape _of the products 
of the combustion of both charcoal and anthracite 
have been fatal, and very many where serioiis ill- 
ness has been thus caused. 

In our fiimaces the escape of carbonic oxide is ,, 
comparatively small. As we have previously pointed 
out it is fortunately^ signalized, when considerable in 
amount, by the well-known odor of sulphur, and this 
the family in season to prevent immediate and 
marked effects. 
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But there is established in those who are accus- 
[ to breathe air niised with carbonic oxide a 
cert^n tolerance of, and insensibility to its noxious 
iniluence, and in this respect it closely resembles 
the operation of other active poisons. Many of the 
tt&rcotica have this property, although it is not con- 
fined to this class of toxical agents. The power of 
habit in modiiying the effects of opium is so well 
known that it need only be referred to. Among 
the inorganic poisons, arsenic may be taken in 
gradually increasing doses without very perceptible 
dl effects until an amount is daily swallowed which 
would kill a beginner. 

Women have been known to take arsenic for the 
I improvement of the complexion ; and in parts of 
I Austria people eat it habitually. It is none the 
, less an active poison for all tliis, and its use as 
I well as that of opium, if not immediately fatal, ia 
cert^ to render the body less capable of resisting 
disease, and to shorten life. 

We believe that a similar tolerance of the poison 
of carbonic oxide gas is established in those who 
habitually breathe it ; that this tolerance Is in great 
measure, and probably completely lost during the 
sammer months, and that every winter it is again 
gradually acquired. It is a common rule among 
people of intelligence and observation that starting 
I ^le anthracite furnace for the winter is to lie post- 
Led till the latest moment ; not until actual suffer- 
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ling from cold compels it is its headache-producing 
I heat permitted as the least of two evils. It is not 
vith fires of wood or soft coal ; thoy are enjoyed 
in early autiunn. 

Once fairly established the furnace makes erery- 
body, while enjoying the lieat, more or less uncom- 
fbrtablo from an ill-defined sensation of oppression, 
headache, and nervous disturbance. 

This, however, diminishes from day to day, the 
capability of distinguishing and analyzing these 
effects is lost, and in a short time the system be- 
comes accustomed to the poison as the Hungariana 
become accustomed to arsenic, or the Turks to 
opinm. 

The character of the air under these circnm- 
Btances is painfully felt by tliose in whom tlus 
tolerance is not established. To those who have 
recently come from Europe where other kinds of 
fuel ore burned, to those wlio have lived much in 
the open air, and in fact in greater or less degree 
to all who have not been through the process of 
seasoning reqiiired to produce insensibility to its 
effects, it is distressingly evident. 

It need not excite surprise that these effects are 
not universally recognized when we remember the 
general indifference to ventilation, or the removal 
of air made foul by respiration and combustion, 
which prevailed everywhere not many years ago. 
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In all places of public assembly, whorevor crowds 
were collected, whether in theatres, cotirt-rooms, 
lulls, or churches, the absence of irosh air was the ' 
rule. It is bad enough now, but the need of ven- ' 
tilation is recognized in theoiy, and sometimes in 
practice. The audiences at some of bnr new 
theatres enjoy and appreciate the lusnry of warm 
and fresh air, and will never again forget its ad- 
Vuntages, or be willing to exchange it for what they 
formerly thought was good enough. 

Every part of our social economy is now nnder- 
going scrutiny, revision, and reform, and the safe 
and healthful method of warming onr houses will 
not linger far behind that of the ventilation of 
places of public assembly. 

If we are asked to say what special diseases owe 
tiieir origin to the habitual inhalation of the poison- 
ens product of the combustion of anthracite tho 
answer cannot be a perfectly definite one. The pro- 
cesses affecting human health are too intricate to 
allow us in the present state of chemistry and pathol- 
ogy to point out with absolute precision where the 
chains of healthy action are interrupted, and to 
exactly what lesions or permanent disturbances they 
lead. This much we know ; the impression of the 
poison of carbonic oxide is first received by the blood, 
whose readiness to undergo the change of character 
involved in the process of respiration, is impaired, as 
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shown by the experiments of Bernard.* The broill 
and the whole nervous system are thence neces- 
sarily affected. To these two causes are referaWe 
the diffjcult breatliing and the headache. A pecu- 
liar suffusion of the iace, having somewliat of a 
livid and congested character may also soraetimeBbB 
remarked. Beyond this we are not perhaps autlior- 
ized to trace specific effects. + But are not these 
enough to show the unwholesome and pernicionfl 
iufluenco of this insidious poison even in minute 
amounts ? Disturbances of nervous function of flia 
most varied and obscure character are unfortu- 
nately very prevalent among us, and a clue to the 
cause of some of them may be afforded by the 
dangers wo liavo pointed out. 

Moreover we believe that, surrounded as we are 
by morbific influences of every sort growing out of 
the impure condition of air, water, and food, hut 

* A TfiTy clear aocoant of im eiaminatlan of the btood by Rp«ctrst 
mnaljrsis in a. case of polsoaidg by cool vaporE, i« given In the Edinbnr^ 
Medical Journal, Jnnuary, 1968, by Dr. Maclagno. See alno the reoont 
lUtemeDt of Dr. Thndicnm Id Appendix. 

t Tha appfliidii contains a reforenca by Ganeral Morin to the comnra- 
nloation of Dr, Canct of ChomlMiy. Dr. Carret thought Umt on epidemio 
in hlB Dapurlment might be trnced to the naa of catt iron stoves. It ap- 
pesred that thia epidemic bore a strong resamblanca to typhoid fbver, 
and was so regarded by ik mnjurityof the physicians who had to deal oith 
it Without protonding to decide this disputed qneadan, it may be per- 
nittod us to remark that all modem Icvestlgntioas go to Ehow that tliB 
typhoid pOLBOD is of organiCf and not of morgonic origiu; that its catuoa 
are to be found in the decomposition of organic materia! ; in air and wb- 
tor rendered foul by putridity. 
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Hicularly of air and its contamination by aH the 
ceases of society in crowded communities, the I 
I body is the better able to resist tlieir attacks I 
a the seemingly trifling, but constantly recurring, I 
i of temporary loss of vital force are system- I 
lily and intelligently avoided. 
[aving thus pointed out some of the dangers to | 
Uth which pertain to the more common modes ] 
tating the air of dwelling-houses, it remains for J 
Eio show, in so far as this may be done, how they I 
f be avoided. 

!he best and safest modes of heating now prac- I 
. are undoubtedly those in wliieh air, drawn ( 
t without, is passed through coils of pipes filled 
1 eittier »team or hot water in an enclosed space 
Ibe cellar, and tlience distributed above. The dis- 
tntages of this system arc, first and chiefly, the ■ 
) of establishing the apparatus, which is such ] 
f to limit its use to the rich. Another objection 
to the hot water system is found in the time required 
to raise the whole body of water to the temperature 
necessary tor the effective radiation of heat. With 
both steam and hot water pipes great care is required J 
ia the coldest weather of our winter to keep up the 1 
fire, since if this is suffered to go out while the 
pipes are exposed to the fresh blast of external i 
there ia danger of their frcDzing. This accident, j 
^rhich can only occur through negligence, has fre- 
quently happened with hot water apparatus to theJ 
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eerious loss anil inconvenience of the occupants of 
the house. 

On the score of health, both hot water and steam 
pipes, used in the manner before described, and itft 
bjf direct radtatioji in the roorn to be warmed, arc 
entirely unobjectionable, Tliej give an abandant 
supply of fresli air, moderately wanned, and with 
no risk of contamination from the products of com- 
bustion. 

Furnftces for burning bituminous coal are not now 
used in the Eastern States, They are extensively 
naed in certain parts of tlie country where this fuel 
is cheap and abundant, but of their practical working 
we have no means of judging. 

Furnaces for burning wood are much used m the 
interior of New England and in Canada. They 
are simple in construction, and give an abundance 
of heat of tlic moat agreeable quality. They are 
easily managed, will burn much or little fuel, and 
respond at once to the fire when it is kindled. The 
disadvantages attending their use are, first, the need 
of abundant cellar or yard-room for the storage of 
wood; second, the addition of fresh fiiel four or five 
times a day ; third, the need of a large old-fashioned 
I fiue to can-y olf the smoke, a modern sized fine 
' requiring frequent cleaning ; and fourth, the conden- 
sation of the products of the distillation of wood, inl- 
pure acetic acid, in and about the Hue and chimney. 
Anthracite coal is so convenient a fiiel, and ^vn 
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™di abundant Leat, that its continned general use 
'eems to be inevitable. Iron as a material in wliidi J 
to burn it has also so many recommendations that | 
ita employment can hardly be dispersed ■with. 
If then we are to continue to employ iron stoves \ 
Mid furnaces for the combustion of anthracite, the 
qnestion is bow to use tbem with safety to bealtli 
and with economy of fuel. 
In tlieoiy these two all important considerations I 
of health and economy are in perfect hai-mony. 

Carbon, or hard coal Trhich is almost entirely I 
carbon, completely burned, gives rise to products I 
which are comparatively harmless, and with the I 
evolution of great heat. 

Carbon incompletely burned gives rise to products 
in the highest degree dangerous to health, and with I 
the evolution of a far inferior degree of heat. 

By burning anthracite with the production of 
carbonic oxide, and allowing it to pass away in tliat J 
fbrm and unconverted into carbonic acid, we lose ] 
heating power in a very striking degree. 

Carbonic oxide gas, which may be conveyed | 
through the chimney flue at a low temperature, / 
^i-ing the impression that all heat has been extracted 1 
and made available, is really fuel, and by parting J 
with it in this form it is as truly wasted as if a cer- J 
tain portion of the coal were tlirown out of the win- 
dow. How great this portion may be will appear j 
the following extract from the " Manual of In- 
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organic Chemistry," by Professors Eliot and Sia 
1868, p. 361: — 

" Furnaces are aometimes seen consunung 1 
ander such conditions that all the carbonic < 
produced within them escapes unburn ed into : 
chimney. In such cases more than two-thirds of 
the amount of heat which the fuel is caiiable of 
yielding must necessarily be h)St: for while 1 gramme 
of charcoal ^ves off in burning to carbonic acid 8080 
units of heat,* 1 gramme of carbon in burning to 
carbonic oxide gives off only 2473 units of heat. 
Tlje number last given is determined as follows. 
It has been found by direct experiment that 1 gr. 
of carbonic oxide on being burned to carbonic acid 
yields 2403 units of heat. Carbonic oxide is com- 
posed of one atom of carbon welgliing 12 and one 
atom of oxygen weighing 16 — the weight of the 
molecule of carbonic oxide being consequently 28. 
In one gr. of carbonic oxide, therefore, there can be 
only- ^1 = 0.4286 of a gramme of carbon; but 
0.4286 : 1 = 2403 : x = 560T, whence it appears 
tliat there is evolved by one gramme of carbon m 
carbonic oxide 5607 units of heat when this carbon 
unites with the additional oxygen to form carbonic 
acid J and the difference between this number (5607) 
and the number (8080) denoting the amount of beat 
given off by one gramme of charcoal in burning to 
1 Ernmiueof 
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I carbonic acid, will show liow much heat is evolved j 
e gramme of carbon burned to carbonic oxide; , 
— 5607 = 2473, as above stated." 

It tlms appears that the loss of heating power I 
irhen carbon is bamed to carbonic oside and es- i 
capes from the stove or furnace in that form is 67 ' 
I per cent. Tlie loss of health cannot thus be ex- 
pressed in percentages; bat if, as we believe for 
leasons previously given, this poisonous gaa does not 
all escape into the chimney, there are two motives 
as strong as can possibly exist for preventing its 
formation. 

The important practical qnestion now is whether 
anthracite coal can be so burned as to invariably resolve j 
itself either mediately or immediately into carbonic 
8cid. Its extreme density is the obstacle to be over- 
come. Innnmcrablo efforts have been made, as a i 
measure of economy in the interests of tlie arts, to | 
effect this complete conversion ; but thus far with ' 
dpabtful success. One mode proposed by which its 
complete combustion shall be within tlio power of the 
operator is by throwing the anthracite upon the fir^ 
in the fonn of fine dust mingled with air, and by 
a mechanical power. How far this process ia suc- 
cessful we are not m a position to judge ; and it 
is here referred to simply as an illustration of the 
difficulties in the way of its accomphshment. 

The various arrangements of inventors and n 
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ufacturers for nccojnplislimg cSmplete combusn 
in stovpB and Iiouse-fiimaces are uigenious 
praUuwortliy, and all contrivancea by which it i 
be done in any considerable degree are to be ^ 
comed in the Joint interest of health and econoj 
Among many plans the following are most : 
worthy : the fnmace of Mr. Amory, which pro^ 
for the projection of heated air beyond the fire ; 
furnace of the Earle Stove Co., which admita] 
for supporting combustion tliroiigh numerous ' 
fbrations in tlie walls of the fire-pot; the 
burning" stoves and fiirnaces, which provide I 
the constant and very gradual addition of coal, wH 
is heated before it readies the place where it is bid 
and falls upon the fire by its own weight as rooii 
made for it. We do not feel called upon to ex] 
an opinion as to the comparativo merits of these pLl 
They are all to be commended aa movements inl 
right direction. But the problem is a hard ona 
solve, and it is tliis — How to regidate and con] 
the supply of fuel and the supply of air, the la^ 
to be delivered at the very point of combustiottJ 
every furnace under the variable atmospheric i 
ditions to be met with in our climate ; conditM 
of extreme cold alternating with a moderate temn 
atnre, high winds and calms, high and low baromel 
dry air and moist ; and all this to bo done I 
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I mtelUgGiico as maybe met with in those wlio 
rmid regtilate the fires. * 

on suddenly opening the door of a 
blue flame breaks over the surface of 
; coal, we may be sure that carbonic oxide 
ri|«8 been escaping nnctmsnmed. Whenever any 
considerable amount of fresh coal has been added, 
' Ihfl same imperfect combostion cag hardly be 
' SToided. At otlier times the escape of unbumed 
I carbonic oxide will vaiy with the intensity of the 
I fire, and the amount of air supplied at the very 

point of combustion. 

I In view of the danger to health which seems to 

UB, in a gi-eater or less degree, to attend the use 

of all cast iron furnaces burning antbracite, the fol- 

I lowing rules are suggested for their management : 

Ist. To use firebrick or soapstonc in contact with 

the fire, and never allow the fire-pot to get red hot. 

2d. To have perfect castings, and as few joints as 

possible; and these joints should be horizontal and not 

vertical. 

3d. Never to cut off the supply of air to the 

* For Bnch reiuona we cannot but hope ihat Uio time ip coming 'when 
■11 this enmbrooa nmcbineiy for snpplj'ing warm air to onr bonsea wiU 
be Bupereededi when it itUI be no longer necessniy to bring In the crude 
file] lod bnm it with so much caro and tronble ; when either wann air 
liaMed eleiwhere may hn tnrned on m required, or nhsn the proilacta of 
(be dlBOJlatioti of fnol in oitlier a liquid or Easenos form may ba bnmad, 
in fli6 emct amonnts needed, in some simple appaiatna provided with a 
HieiUtR of escape for the carbonic acid and wntflry vapor. Ethq now illn- 
minBtiag 6*= 'uay be so used ; the only difficnlty ia the cost. 



IIRAaTE AUn HEALTH. 



I fire, and never to check the free escape of the 
I products of combustion to the chimney by dampers, 
or by cooling the flue by the adraiBsion of air be- 
tween the furnace and the chimney. 

4th. To 80 hum the coal that under all possible 
circumstances a pressure of air from without inwards 
may be exerted upon the fire-pot, radiators, and 
Emoke jiipes. 

It is evident from what has been siud, that we be- 
lieve it impossible to burn hard coal in house-fiiniaces 
without the production of unconsumed carbonic oxide 
gas iiu greater or less amounts. What then is the 
very best thing to be done if iron stoves or furnaces 
are' to be used ? Clearly tho best and safest and most 
economical plan is to convert as much of the fuel 
as possible into carbonic acid : and then to protect 
ourselves against the poisonous remainder by using 
such material for securely enclosing and conveying 
it away as will not permit of ita escape either 
through cracks, joints, or the substance of the 
material itself. 

During the past few months several interesting 
Bu^estions bearing upon tliis point have been 
made by different persons whose attention has been 
drawn to the subject of this treatise. One of these 
suggestions, made by several intelligent persons 
without intercommunication, is to the effect that 
Russia sheet iron, (rolled iron covered with a 
siliceous glaze), when used as an outer covering 
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been found to give a more agree- 

i cast iron, and Hiat when pyramidal 

f stoves In this material were in common use there 

i less suffering from headache than since cast- 

I iron has been generally substituted. 

P But a more definite experiment has teen made 

' at the "Massachusetts Asylum for tlie Blind" at 

I South Boston. The Superintendent, Dr. S. G. 

Howe, writes as follows under date of March 12, 

1868: — 

\ " I was long ago impressed by the idea that the 

pupils of this institution suffered in some way &om 

I nosions gases evolved in the combustion of anthra- 

ate, and took measures to prevent this as far as 

(possible. I changed the construction of the furnaces, 
and burnt coal in a grate in the centre of a wrought 
(iron cylinder five feet in diameter, bolted, and made 
steam tight ; the size of the cylinder makes it impos- 
■ Bible to raise the temperature of the iron to a very 
I high degree. I thus acted empirically, without nnder- 
Btanding the principle which you elucidate scientlfi- , 
I cally. The furnaces certainly act much better lian 
[ the old ones ; better Indeed than any anthracite fur- 
naces that I know ; and there is no sensible incon- 
Tenience from the escape of gases." 

This e^^perience is most instructive, and almost 
l^ids us to believe that a complete remedy has been 
found for the escape of gases from anthracite fur- 
naces. The only doubt which remains is in the 
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^^H absence of direct proof that wronglit iron is i 
^^H meaLle to gases. The French and English ex] 
^^f ments conclusively show that cast iron is fre«]( 
^H pcrmeaUe, hat they have not shown that wronght 
^r iron is impermeable. We are led to infer it, how- 
ever, from the constant referenco to cast iron as 
exhibiting this property, and from the explnnatioa 

I offered that it is duo to its ci-ystallino stmcture. 
We Bcem at any rate jnstifiod in heheving from tlie 
Tvhole tenor of these experiments, that if wrought 
iron is permeable it is so in a degree far inferior to j 
cast iron. 
In the " Manuel pratique du ehauffage et do la ' 
Tentilation," Paris, 1868, by General Morin, the ] 
author, after speaking of the porosity of cast iron 
and the danger to health from the use of this mate- 
rial for stoves, says : *' Stoves of porcelain or of 
■wrought iron, are much to be preferred and have 
have not the same disadvantages." 

For all modes of escape for the gases of combostioa 
through cracks, joints, and the varions ways in which 
Tisible openings may be caused by cneqnal expan- 
sion, wrought iron, when bolted and made steam- 
tight, would appear to be a complete remedy. One 
of the cyhndera which had been used for many years. 
at the "Asylum for the Blind," was recently re- 
moved to give place to one of still lai-ger dimen- 
sions, and was found free from all defects, and appar- 
ently as good as when first set np. 
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m of any kind will expand by lieat and contract 
cold, but wrought iron is an elastic material and 
will bend before breaking. A furnace of wrought 
^ iron, in whatever form it may be made, if its parts i 
m are finnly joined like those of a steam boiler, will 
^ expand and contract in its whole mass, and can leave 
t no visible opening for the escape of the products of ' 
I combustion, unless it should be at the point where 

I It rests in the masonry. A wrought iron base would 
remedy even this possible defect. 
From such considerations it would appear that 
L when anthracite is burned in an iron furnace we 
I can hope to succeed in enclosing, and securely 

[' holding the poisonous product of imperfect combus- 
tion until it can be safely conveyed away, by 
making the furnace of wrought iron plates riveted | 
together ag tightly as those of a steam boiler, so thai i 
(Ae whole apparatus shall be practically/ of one piece. 
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Tha Academy has doubtless not forgotten that in 1865, our 
late associate, tlie lamented Yclpeau, communicated some ob- 
Bervationa made hy Dr. Garret, Surgeon-in-cliief of the Hotel 
IKeu at Chambery, on occasion of an epidemic whicli mani- 
fested itself in diflerent parts of the Department of Hauta- 
SaToie, and particularly at the College of that city, in buildings 
beatcd by cast iron stoves, whilst in the same loealides the 

' fcouBes furnished with porcelain stoves were completely exempt.* 

Since that communication was made I have abstained from 

bII comment upon it, but subsequent reflection upon the curious 

, experiments, by which MM. Deville and Troost have proved 
tiie permeability of iron heated to a high degree by gasea, have 

I ■ Since hiB cornmuniciition lo tho Institnte, Dr. Carrat bna addiOBted 
ti) tha "Minliter of Agrioulluro, Commerce and Public WorkB" a memoir, 
Ileh in facta boaring apon the unhappy ioliuonco which Iha usa of cast 
iron stoves ezerciues npoa the public henlth. In tUi^ memoir the unthor 

I trrives at the concIuBbn that cust irau stoves, in permitting the passagH 
tiirongh their viiJla of carbonic oxide gas, ciie the direct oauso of very 
■erious results. Ue fqndshes numerous, and varied, and unqneaHonoblQ 
instances. 
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led me to tL'mk that tbeae facta might expliun the iositloliritf 
of cast iron sUives lieat^I by pit coal, of which the use is i 
general iu schools, colleges, borrncb', gtisrd-bouaes, and ii 
great number of puhlic and private establiahnivitt«. 

I therefore requested MM. II. St. Cluire Uuville and Tneet 
to make, upon an a|)paratus siinikr to the gitard'bouse rtOTCi, 
expcrimentji which would conelusively shoir the degree of pu- 
meability of east iron heated to a high temperature by the gases 
resulting from combustion. 

Sy the aid of such opparatuE, these accomplished chen 
have Dot only put beyond doubt this question of permeabitilj, 
but they have delcrniined the proportions of carbonic oxide gu 
which pa^a tlirougb a given surface of a cast iron stove, as ^ 
as that which the metal absorbs and retains. 

Hie importance of these results for the public health t! 
evident that for this reason they should be known and cxanuned 
in detail. This I propose to do in a subsequent paper, leavii^ 
to tlie more competent han<ls of MM. Devillo and Troost other , 
deductions useful to science which are involved in the fectf i 
referred to. 1 
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General Morin has clone us the honor to ask for an exact J 
analysis of the air whiuh circulates about a cast iron stove I 
atrongly heated. We have found that this air contains notable i 
amounts of hydrt^en and carbonic oxide ga«e9. This fact ii I 
perfectly explained hy the pcmicability to gofcs which we have } 
previously discovered as a property of iron highly heated, ami ] 
by the power which Mr. Graham has shown this metal to posieii 1 
of ahaorbing carbonic oxide. It also appears that air which hM I 
been it) ooptact with cast iron surfaces strongly heated may ] 
become harmful to respiration. 

It is for this reason that we nowpublish Uiese remarks, at Ihe I 
same time that ffc refer to General Morin ilig rcBult of our 1 
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anftlyais. Our object was to discover wliether the porosis of 
CMt iron permitted the gaeee of combuHtion to pass through the 
walls of caGt iruu etoves, and diUuse thetiuielvea in the atmos- 
phere BO heated. 

The apparatos which we employed for this purpose was 
chiefly a cast iron atove furDtshed ue by General Morin. This 
stove, similar to (hose used in guard-houara, h composed of a 
cylinder whith communieales with the exterior by two openinga; 
the one lateral, permits the pasaage of air under the grate; the 
other, above, comumnicatcs with the smoke-pipe. By this 
latter opening the combustible, whether it be coke, pit-coal, or 
wood, is introduced and falls upon the grate placed above the 
lateral opening. 

The stove in question was heated at different times in various 
degrees, from a dull red to a bright red heat. 

It was surrounded by an envelope of cast iron resting in 
groores, connected with the stove above and below, forming a 
chamber having no eonununicntion with the external ^r except 
by the int<;rstiee8 remaining in the grooves between Ike envd- 
ope and exterior of the cylinder. 

To ascertain tiie naiiu^ of the gases which could pnas from 
the Btovo to its envelope we employed the folloiring opparatus. 

Tha gases drawn into the enveloping chamber were sucked 
by a metre placed just beyond the absorbing apparatus. 
they were first freed from the carbonic acid and vapor of wafer 
,'Which they contained by passing through tJ-tubes filled with 
aagments of pumice stone, saturated with concentrated suU 
'^orie acid and caustic potash. When thus purified, they were 
passed over oxide of copper heat«d to redness. The bydn^en 
and carbonic oxide were thus transformed into the vapor of 
water nnd carbonic acid. To dotormine those substances they 
were passed through weighed tubes containing, the first, pumice. 
■tone, saturated with coneontratcd sulphuric acid; the second, 
caostic potash orb^yta. The gases then passed into the metre, 
which drew them through the whole apparatiLi, measured them, 
jmii then threw them out into the air of the room. 
'^^Sbs results reached are contained in tlio following table : — 
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This tablu (p. 75) showB that the gases of combustion pa» 
through die walls of a cast iron stove heiited to a dull red or n 
briKht red. These resulu are explained by the porosity which 
we Lave previously found to exist iu irou, and in a atill greater 

The ex[wnincnt9 of Mr. Graham have also jihown. wnce our 
CXperiiDents of 1863, that iron absorbs when heated to redneu 
4.15 its volume of carbuQic oxide when exposed to an atmos- 
I phoTL- of thie gaK. 

Carhooie u.iidi', absorbed in our sieves by the interior siip- 
faro of the I'ast iron, diffuses itself from the exterior surikce 
into the atmosphere, and Ihw process goes on eontinuously; 
heni!c> the " malnuf" which we experitmoe in rooms heated 
either by cast iron stoves, or by air heated in contact with 
retl hot plates. 

January 20, 18S8. General Morin reqacsts the Academy to 
appoint a comraission to examine the subject of the communica- 
tion of M. Carret, vix., the induence of the use of cast iron 
■toves tipon health. 

The following members were appointed: — 

MM. Payen, Morin, Fremy, H. St. Claire Deville, and 
Bimsy. (M. Claudf: Bernard was subsequently added.) 

February 3, 18GS. General Morin presents the following 
note in the name of the corajuisaion charged with the exam- 
ination of tlio comrouTiication of M. Carret upon the hygienic 
objections to tlie use of cast iron stoves; " The facts presented 
in the paper of Br. Carret have appeared to the committee so 
important with respect lo the puljlic health that they think it 
proper to instituM experiments which will present the matter in 
inauj points ol' view." They have therefore aecepted the prop- 
osition which 1 have made to them to organize a series of es- 
periments, of which I have presented a gAeral plan, at the 
"Conservatoire dcB Arts et Metiers." The result of these 
researches will be communicated to the Academy. 
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[The tenth annual report of the Medical Officer of the (Eng- 
lish) Privy Council, 1868, contains the valuable researches of 
Dr. Thudicum, intehded to promote an improved chemical 
identification of diseases. In speaking of the changed condition 
of the blood, recognizable by spectral analysis, after poisoning 
by carbonic oxide. Dr. Thudicum says, " It has long been known 
that carbonic oxide produces a particular change in the color of 
the blood, which, is not destroyed by mixture with oxygen. It 
was shown that this was due to a combination of carbonic 
oxide with hematocrystalline, which is always found when these 
bodies come in contact. The carbonic oxide displaces oxygen, 
and remains attached to the hematocrystalline, even in its 
crystals. Upon the fixity of this combination, therefore, de- 
pends the fatal effect of carbonic oxide when inhaled for any 
length of time. Further, by the fixity of its spectrum can the 
compound be recognized, and consequently poisoning or suffoca- 
tion by carbonic oxide or charcoal vapor be diagnosed. The 
carbonic oxide blood has a more bluish tinge than the venous 
or arterial.'*] 
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